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ABSTRACT
Subtle teratogenic effects of locoweed in r a ts
by
Benjamin K Nelson, Master of Science
Utah State University, 1977
Maor Professor: Dr. R. P. Sharma
Deartment: Toxicology
Locoweed, a well-known teratogenic plant affecting livestock, is
prvalent in mountain regions of the Western United States.

Two common

spcies (Astragalus lentiginosus and A. wooton!), administered to pregna~

rats, induced behavioral deviations in their offspring.

Treated

mohers consumed less feed and gained less weight during gestation than
cottrols when gavaged locoweed at the rate of 1 gram whole plant per
da: on days 7 through 17 of gestation.

A. lentiginosus reduced pup

we ght at birth (13% less than controls) and this weight reduction (as
mun as 29% less than controls) continued at least four weeks.
A. len tiginosus also reduced number of offspring born alive (34.9% less
tho controls) and number which survived until weaning (86.4% less than
cocrols).

No gross malformations were observed in the offspring of

loo-treated dams.

However, when the pups were subjected to behavioral

teeing (beginning at 30 days of age), deviations were observed.

There

wa•considerable difference among the treatment groups when tested with
th<activity wheel (P=.OOOO).

Water-intubated controls did not differ

fro non-fed controls, but the two loco-treated groups differed in
opps ite directions from controls.

A. lentiginosus offspring were more

vii

~ tive

(26.5%) overall than other groups, and had an abnormal pattern of
in the day to evening to night activity totals.

~ tivity

A. wootoni

ttfspring were l ess active (25 %) than other groups in the activity
~eel.

Significant dif ferences among gr oups were also observed in the

men-field test .

The trend was toward decreased activity (P=.027; 31

md 43% less than controls - A. lentiginosus and A. wootoni respectively)
md incr eased number of fecal boluses (P= . 06; 45 .5 and 19.3% more than
ontrols - A. lentiginosus and A. wootoni respectively) in the loco~eated

offspring.

There were no significant differences i n avoidance

onditioning in a two-way shuttle box among the groups, though the loco
~ fspring
~aining

made fewer avoid ance respons es than controls .

Alizarin Red-S

of f e tuses reveal ed no skeletal defec ts in the pups.

Micro-

s:opic examination of maternal tissues showed the kidney and liver
~genera tive
~imarily

changes which are typical of locoweed in toxica t ion:

vacuol at ion of proximal tubular epithelium and of the

repatocytes.

Tissues from pups on day of birth also showed mild kidney

atd liver changes.
f·om normal.

Older pups had no visible microscopic deviations

The results indicate that the locoweed teratogen produc es

b!havioral deviations in the offspring of rats in the absence of gross
wlformations.

(58 pages)

INTRODUCTION
A teratogenic insult can affec t any organ within the body.

In most

orgaas . gross malformations are relatively easily seen and are frequently
obviou1 at birth.
see.

However, more subtle effects are more difficult to

lor example, a normal-appearing fetus may have a histopathologic

lesion

Since a biochemical abnormality is thought to precede a morpho-

logics. lesion, one may detect a pathological condition using biochemical
technicues even before microscopic alterations are apparent.

In an

analagcus manner, evidence is accumulating that a functional deficit may
becone obvious even prior to a biochemical lesion.
At one thinks about the various organ systems which could be
alterec by a teratogenic agent, perhaps no system is more obvious than

the

ne~ous

of a

system.

t~atogenic

Assessment of the subtle functional consequences

insult during embryological development has been termed

"Behavi>ral Teratology" (Spyker, 1975).
to be

c

The resulting lesion is thought

a neuroanatomical or neurochemical nature.

However, the

experimntal evidence is growing which indicates that behavioral alterations 1ay serve as indicators that an insult has taken place even
befor e he pro cess is irreversible- when classical lesions are a pparent
(Spyker 1975) .

Recent studies indicate that teratogens, particularly

at low evels, may cause behavioral cha nges in the absence of detectable
structual

defect~

(Wer boff, 1970).

In some cas es, such behavioral

deviatins may be of importance even though morbidity or mortality are
unaffeced .
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A variety of teratogens, when given at a dosage less than that
rtquired to produce gross malformations, have been shown to affect
a<veraely the functional processes of the body.

An excellent example

is afforded by methylmercury as reported by Spyker and he r colleagues
(Spyker, 1971).

Given to pregnant mice at high doses, methylmercury

ctused gross malformations of the CNS .
afpeared normal.

At lower doses, the offspring

However, when subjected to behavioral t esting, these

offspring showed significant deviations from control.

The subsequent

neurochemical analyses showed no significant differences from control.
Microscopic examination revealed no detectable lesions, though more
recent studies (Spyker, 1974) have indicated that lesions are apparent
under the electron microscope .
Another exampl e of "sub-teratogenic" doses causing behavioral
deficits is with salicylates.

Administration of large doses of

salicylates to pregnant animals produces malformations of the central
nervous system, internal organq, 1nd skeleton (Kalter, 1968).

Butcher,

Vorhees, and Kimmel (1972) reported an interesting study in which a low
dose was administer ed to pregnant rats.

They observed no external

malformations, though the weights of the newborn litters in the
experimental group were reduced.

Furthermore, when subjected to

behavioral testing, the salicylate-treated offspring exhibited significant learning impairments.
The previous examples, with very different compounds - one an
environmental pollutant and the second a commonly-used drug - illustrate
the principle that behavioral testing is often a more sensitive detector
of damage in utero from certain teratogens than are the commonly-used
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proe2d1 res in teratology.
hum<ns are obvious.

The implications of this area of testing for

Fo r other animals the usefulness of the behavioral

testln! procedures is less obvious , though equally as important.
T1e main advantage of behavioral testing is the increased sensitivuy of behavioral test s over pathological examinations.
acc~1u cating
beh~io ral

From

i n forma t ion (see Spyker, 1975) it appear s that the

tests serve as indicators of damage before the damage is

irreersible, whereas a microscopic lesion may be generally obv ious
onlya: ter an irreversible lesion is pr esent.

Thus behavioral tests

are •ften the most sensitive indicators of damage that are now
avaiable.

The earlier that one can detect damage by a toxin or

terao gen, the more likely it is that permanent, serious damage can be
prev·nted.
It is important that man be aware of conditions in his environment
whic affec t him adversely.

It would be highly desirable to have

senstive monitors of the environment such that permanent damage to
orgaisms could be prevented.

Enough toxicants exist in man's environ-

ment (to say nothing of other adverse conditions in the environment)
thatpeople are continually striving to detect the toxicants and prevent
damae to themselves.

Hence it is not surprising that more sensitive

moniors are supplementing man's assessment of adverse conditions; the
use f behavioral measures in toxicology has increased immensely in
recet: years .
) ne class of natural toxicants which not only adversely affects
humas directly but also reduces mao's food supply, is poisonous plants.
Mill ~ns

of dollars-worth of livestock are lost each year by the direct
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1ction of toxins within these plants.

(Residues from poisonous plants

1ave been implicated in human sickness through use of meat, milk, and
10ney from poisoned animals and insects, Sapeika , 1969.)
~roup

A smaller

of these plants, in addition to being toxic to the ingesting

•nimals, is also known to cause losses in livestock due to action upon
:he fetus.
~ ower

Some cause abortions, e specially at higher doses.

dose causes congenital malformations of various types.

Often a
Some exert

a less direct effect by reducing size of offspring, and in range situations many of these die.
An interesting example of a teratogenic plant is locoweed (James,
et al., 1967).

Though it is neurotoxic to the ingesting animal, its

teratogenic action is upon the skeletal system .

James, et al. (1967)

have observed abortifacient effects and have reported that many lambs
of locoed mothers are small and weak at birth and unable to nurse.

The

locoweed teratogen is somewhat atypical in that it acts at almost any
time during gestation.
Since compounds from locoweed cross the brain and placental
barriers, one wonders if they could produce defects of the nervous
system .

Studies of teratogenic effects of locoweed on the developing

nervous system have been very limited.
The aim of the present investigation was to elucidate how maternal
exposure to locoweed affects prenatal and postnatal development in the
offspring.
The laboratory rat was selected as the test animal for several
reasons:

(1) the rat is commonly used in behavioral studies, (2) it has

a short gestation time (21 days), (3) the relatively short life-span of
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the rat permits testing at several times from birth until maturity in a
comparatively short time period, and (4) being multiparous, the rat
affords the opportunity for multiple observations from a single expertmen tal unit.
The prenatal effects of locoweed in rats were unknown.

Hen ce we

looked for effects such as teratogenic, embryocidal, growth and
developmental retardation.
The goal of the postnatal evaluation was to determine if normallyappearing offspring (born of loco-treated mothers) grew, developed,
behaved and survived normally.

Several evaluation and testing proce-

dures were employed to assess the effects of locoweed exposure during
prenatal life on later neonatal and postnatal development .
The testing of animals wa s designed to encompass the neonat al
stage through maturity (approximately 30 to 90 days of age) .

Behavioral

tests were conduc ted in offspring shortly after weaning and at maturity.
The tests measured activity, exploratory behavior, "emotionality,"
learning and retention (memory).

Tissues were selected for microscopic

analysis from rats aged 0 (day of birth), 20, 40, and 90 days.

Newborn

rats were also stained to assay for skeletal defects .
Results are repor t ed in three categories:

(1) prenatal effects of

locoweed, (2) behavioral observations, and (3) morphological
observations.
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REVIEW OF LITERATURE
Grouped in this section are a brief review of the development of
terablogy, a more extensive consideration of the behavioral aspec ts, a
revi& of the effects of locoweed, and finally the hypotheses that underlie his study and that are derived from a consideration of this
litenture.
Teratology
mnkind has probably always been fa sc inated by the unusual or the
extra,rdinary.
morb

Certainly congenital malformations have caused much

curiosity.

Monsters arc depicted in early cave paintings, and

have •een of interest to many people since that time.
~e

etiology of birth defects has been the subject of much specu-

latio through the years.

Early explanations centered on two premises:

eithe malformations were of prophetic significance or they were
manifstations of the "wrath of God" (Clegg, 1971).

In 1953, Pare'

liste• 13 possible causes of congenital malformations (see Clegg, 1971) ,
exampBry of which are various religious and astrological theories,
mental impressions of the mother, mixing of gametes, heredity and mechanical <ffects.

Such "causes" of malformations were considered typical.

t-ound the turn of the 18th century, the "preformation" theory
advancd by Swammerdam (i.e . the embryo is a preformed miniature of the
odult o which it progresses by simple growth) must have had the
"te r ablogists" wondering and revising theories.

About 1759 Wolff

advancd the epigenetic theory which is basically the process of
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embryo development as we know it today, though it was much later that
proof came from this theory.
The early groundwork for present-day teratology was laid by
Etienne and Isidore Geoffrey Saint Hilaire who not only coined the term
teratology, but also described and classified most known abnormalities.
Isidore St. Hilaire also reported the first attempts to produce malformations experimentally .

Using the developing chick embryo as the

test organism, his attempts met with failure.
Dareste in 1891 provided the first proof that extrinsic factors
could cause abnormal embryonic development.

Using heat, cold, shaking,

and anoxia as the teratogenic agents, he produced malformations in the
chick embryo.

He also showed that earlier stages of development were

the most susceptible to teratogenic action.
In mammals, the first report of experimental induction of congenital malformations by extrinsic factors is a single observation in 1921
with a pregnant sow fed a diet d"f1c1ent in the "fat soluble factor,"
later shown to be vitamin A (Zilva, Golding, Brummond, and Coward, 1921).
The malformations were primarily of the skeletal system in which, in the
severe cases, the hind limbs were represented by thin tail-like
appendages.

In 1933, Hale reported piglets born without eyes as a result

of maternal vitamin A deficiency .
in 1929.

X-rays were implicated as teratogens

The next couple of decades witnessed numerous nutritional

studies, and deficiencies or excesses of several vitamins were shown to
produce congenital malformations (see Kalter and Warkany, 1959).

A

new dimension was added in 1941 when Gregg showed that maternal
Rubella infec tion could induce malformations.

Interest in teratology

8

increased in the 1950's, and in 1961 McBride and Lenz independently
implicated thalidomide as a human teratogen.

Probably this was the

first time that the general public realized that a drug ingested by a
pregnant woman, with the best of intentions, could have devastating
effects upon her unborn child.
Since that time, experimental teratology has mushroomed and become
a well-known science.

Numerous agents have been proven to cause congen-

ital malformations in man, and still more are implicated as possibly
teratogenic.

These agents are covered in several excellent reviews

(Karnofsky, 1965; Tuchmann-Duplessis, 1969; loilson, 1973.

For a histor-

ical view of the development of experimental mammalian teratology , see
Warkany, 1965).
Behavioral Teratology
Birth defects in humans have been st udied only epidemiologically.
Direct experimentation has been with various

non -h~

Usually the species selected was a laboratory animal.

mammals or aves.
Since many of

these species are cannabilistic and eat their defective offspring, it
has been common practice to kill the treated pregnant animal shortly
before expected parturition and examine the offspring.

Such a pro-

cedure allows one to detect two of the four types of manifestations of
abnormal development listed by Wilson (1973):
malformations and intrauterine death.

structural defects or

If severe enough, a third mani-

festation could be observed, i.e. growth retardation.

But, the common

procedure of killing the mother - hence the offspring - eliminates any
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po ssibil ity of detecting f unc tional def i c its - the f ourth manif es t a tion
l.sted by Wilson.
Thus functional deficits caused by teratogens have been subj ected
t• little experimental work at the present time.

In the early 1960's

tlere were a few reports by Werboff and colleagues (Werboff, et al.
1'61, 1962, 1963) on possible l e arning impairments in the offspring of
eJperimental animals treated with tranquilizing drugs during pregnancy.
B1t there were only scattered reports of similar studies before the
p1esent decade.
r~ulting

Since 1970, interest in the area of functional deficits

from treatment of pregnant animals has been increasing.

Fmctional deficits could be manifest in nearly any of the organ
sy,ten1s.

However, the remaining discussion will be restricted primarily

to the nervous sys tem .

As stated by Spyker (1975), the developing brain is very suscepti>le to a teratogenic insult.

Some teratogens may have special

af:inities for particular developing fetal brain centers, and if an
in•ult occurs, the resultant alteration in neurodevelopment becomes
matifest as alterations in behavior.

Assessment of the subtle

futctional consequences of an insult during development has been termed
"Bthavioral Teratology" (Werboff and Havlena, 1962; Spyker, 197 5).
As one thinks about the many and varied functions in which the
br•in is involved, it becomes obvious that a teratogenic insult to the
br<in could affect a variety of behaviors:

i.e. intellectual processes,

setsory function, fine motor control, emotional responses, and many
otters.

Even though these alterations may not aff e ct mortality or

motbidity, they may be exceedingly disadvantageous to an organism -
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especially humans.

Should one desire to test organisms for impairments

in brain function, he would have to test a variety of behaviors
(Spyker, 1975).
Some defec t s in a developmental process may be evident at birth.
Others may not become apparent until later in the life of the organism.
Perhaps compensatory mechanisms mask a defect, but are inadequate as
the animal

~ ges,

is under grea ter stress, or with increased cell death

(Timiras, 1974; Spyker, 1975).

Determ ina tion of long-term or de l a yed

effects of a teratogenic insult to the brain on biolog ical or
behavioral functions requires the use of a longitudinal design (i.e.
following s pecific individual s through lifespan; see Werboff, 1970;
Spyker, 1975).

This involves following individuals from birth through

maturity, periodically assaying the biolo gical or behavioral functions
desired.
If behavioral alterations are found, or even if these alterations
are not detected, it is possible that a teratogenic insult could affect
the neurochemical or neuroanatomical development of the organism.

This

structure-function relationship is very important in teratology as it
is in all pathology.
There have been a number of studies utilizing the postnatal
functioning of animals to determine the subtle teratogenic effects of a
variety of compounds.

A few examples follow.

In some of the earliest studies of the effects of prenatal treatment in drugs on behavior, Hamilton and hi s co lleagues in the 1940's
(Hami lton and Harned, 1944; Hamilton, 1945; Harned, et al., 1944)
administered a then widely-used sedative, sodium bromide, to pregnant
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rat •.

They found learning defects, decrease in emotionality, and

incJeased audiogenic seizures in the offspring.
In the 1950's, barbiturates (sodium barbital and sodium pentobarbit•l ) were found to adversely affect behavior of offspring of rats
(Anitage, 1952; Becker, et al., 1958).
Early in the 1960 ' s Werboff and his colleag ues (Werboff, et al .,
196. , 1962, 1963) performed behavioral studies on offspring from rats
tre1ted wi th several psychotropic drugs or with low doses of X-irradiatioJ.

The drugs they used were known to alter serotonin levels in

the parent animal , and Werboff wanted to determine effects on the
fet1s.

In general these drugs increased activity, emotionality and

aud .ogenic seizures.

However, no eff ec ts were noted in motor maturation

or •n several measures of learning ability.

Werboff and Gottlieb (1963)

wer• the first to refer to the study of these subtle behavioral effects
as 'Behavioral Teratology."
Also in the 60's, intere s t ln the effects of maternal stress on
off •pring was high (Young, 1967; Joffe, 1969).

A number of investi-

gat•rs, including Young and Joffe, cast doubts on the results of
pr~ious

research due to complicating factors such as maternal stress.

Toward the end of the 60's, investigators (notably Sparber and
Spy<er) with the Pharmacology Department at the University of Minnesota
beg1n an ongoing and thorough study of the subtle teratogenic effects
of •ethylmercury.
ha"' been used.

The somewhat different approaches described below
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Sparber administer ed a variety of psychotropic compound s into the
yolk of eggs, and then per fo r med numerous func tional tes ts on the
chic ks.

He found behavioral deviations including a deficit i n imprint-

ing, detour learning , and conditioned avo idance .

In addition, Sparber

analyzed the brains of these an imals for several neurotransmitters .

He

observed significant decreases i n epi nephr i ne, norepinephr i ne and a
postnatal increase in t yros i ne hydroxylase (Sparber, 1972; 1974) .
Using a different method Spyker studied the subtle teratogenic
e ffec ts of methylmercury in mice (Spyker , 1971) .

As the Spyker study

is one of the most comple te studies reported to date (though the study
is continuing at the present time), I shall review it more
specifically.
In her initial study, Spyker (1971) began to determine the
embryocidal and overt teratogeni c ef f ects of simple maternal doses of
methylmercury dicyandiamide on mouse fetuses.

Using two strains of

inbred mice, she employed a compl ete factorial de sign to examine the
relationship between stages of development when exposed, and potency
of the teratogen.
Using the morning of observing the cop ulatory plug as day 0, s he
gave an i.p. injection of 0, 2, 4, or 8 mg/kg methylmercury dicyandiamide (freshly dissolved in 0.5 ml of 0.9 NaCl/100 g body weight) on one
of days 6-13 of pregnancy.

One day before term (day 18) the females

were sacrificed, uteri opened and position of each fetus or resorption
site was recorded.

Fetuses and placentas were removed from the uterus,

stripped of umbilical cords and fetal membranes, blotted to remove
fluids and individually weighed to the nearest milligram.
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Fetuses were immediately i nspected for external abnormalities
undEr a dissecting microscope.

Some we re also examined for i nternal

Others wer e cleared , stained with Alizarin RedS, and

abncr~alities .

exanirued for skeletal defects.

Some were also sectioned for micro-

scopic analysis.
The results indicated that methylmercury affected th e two strains
diff2r ently .

It was lethal for many embryos in one stra in, but little

effe!t was observed on the second s train.

Methylmercury was also

teratogenic (espec ially to the central nervous system) but the type and
freqJency of abnormalities were dif ferent i n the two strains.

If the

moth•rs were treated before day 9 of gestation, the fetuses were
resutant to embryocidal and teratogenic effects .
In the strain in which methylmercury was lethal for many embryos,
the fetuses that lived appeared normal.

However, as stated by Sparber:

To assume absence of morphogenic aberration as a sign of
complete normality of conceptuses would be naive, especially
in light of mounting evid ence supporting possi b le biochemical,
or behavioral, or both, alterations in the absence of classical
teratogenic parameters, (Sparber, 1972, p. 74).
Consequently, Spyker (1971) began an ongoing study involving the postnatal development of mice prenatally exposed to methylmercury.
Only 1 percent of 498 prenatally exposed offspring that survived
to term were found to be abnormal.

Hence she used the dose and day

effects from her previous study to study the postnatal effects.

The

procedures were similar to those mentioned until the day before term.
On

this day, pregnant females were put in separate cages and allowed

to del iver.

Immediately after parturition (before nursing) each

neonat e was inspected for apparent defects.

Litters were then weighed
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tnd eit he r re t urned to the bio l ogical mo the r, given t o a foste r mother
trea ted-trea t ed; con trol - control ), or given t o a c r oss - fo st e r mother
t reat ed-control ; control-trea t ed) as i llustr a t ed in figur e 1.

liological Mother

Flgure 1.

All

Rearing Mother

Postnatal lltter manipulations illustrating fostering and
c ross-fostering.

f>ster or cross foster mothers had received treatment on the same day
aJ the biological mother.

Whenever treated mothers were exchanged,

e1ch had received the same dose of methylmercury.

Whenever fostering

p:oced ures were used, litters of approximately equal size were exchanged.
I 1 all, 62 pregnant mice produced 372 viable offspring (average 6 offs 1ring per litter).
Maternal-offspring behaviors such as nursing , retr ieving, and
glooming were periodically observed or monitored on video tape
(!pyker, 1971).

Young remained with their rearing mother until weaning

at three weeks of age.

At weaning, ea ch offspring was earpunched

g ving day of prenatal exposure, dosage of methylmer cury, rearing
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no t he r type , and sex.

Ea ch was also weighed to the nea r es t 0.1 g and

l ittermates were evaluated in a variety of ways during their lifetime.
In general, the r e sults indicated that, in the absence of any
>vert signs, offspring from treated mothers responded differently from
oontrols when t ested for subtle deviations at various s t ages throughout
>ostnatal development.
Upon close inspection the treated and control neonates were
distinguishable at birth.

However , methylmercury retarded general

;rowth and weight gain in a number of offspring by one month of age,
tnd these animals neve r atta i ned normal size.

Treated young were more

•us cep tible to infectious diseases and died relatively ear ly in life
Spyker , 1971).
Though the offspring appeared normal, they were tested to see if
1hey were behaviorally normal.
~

an open- field.

When 30 days old, offspring were tested

Four of the eight parameters measured showed signif-

:cant differences from control.

These four were latency (time to move

:rom center squares), defecation, urination , and backing (Spyker, 1971).
Following the second day in the open-field, the offspring were
tvaluated fo r swimming ability.
Jesults .

This test gave some interesting

Over half of the methylmercury offspring showed signs of

reuromuscular impairment while swimming.

Typical deviations included

'freezing," floating in verti cal position, and inter mittent pe riods of
mcoo rdinat ion and impaired swimming ability.

In spite of these

ceviations, all of the offspring were capable of normal locomotion in
the water.
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Since behavioral deviations were observed, Spyker desired to find
the neurochemical and neuroanatomical causes of the deviations.

She

examined diencephalic-telencephalic weight, cerebell ar weight, total
protein in whole brain and the activity of choline acetyltransferase
and cholinesterase.

No significant differences were found between the

two groups on the parameters examined (Spyker, 1971).

Spyker (1974) has

since described ultrastructural alterations in the methylmercury
offspring.
The first signs of overt neurological impairment began to show up
when a few of the offspring developed ataxia, proprioceptive loss, and
loss of the righting reflex.

By four months these offspring were dead.

Between 10 and 15 months of age, more treated offspring developed
tremor, incoordination, ataxia, and inability to right (righting reflex
impaired) .
normal.

However, most of the treated offspring remained apparently

To determine i f neuromuscular deficits were present in the

"normal" treated offspring, 30 ui Lhese offspring were examined on a
horizontal surface, inclined plane, and vertical grid.

These tests

indicated that the treated offspring did indeed have neuromuscular
deficits.

Treated offspring reared by con trol mothers were also

deficient i n neuromuscular ability.

As the animals matured, differences between treated and control
groups became obvious .

Treated offspring sporadically displayed eye

problems (especially infections).

They also showed gross postural

change s (kyphosis, more frequently and more severe in treated offspring).

General debilitation rose markedly, and CNS i nvolvement
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(tremor, ataxia) became obvious.

Premature death in treated groups

was apparent.
The Spyker study is quite complete, and points out some important
facts.

Most importantly, offspring which appeared normal turned out to

function abnormally when tested using various measures.

Using

fostering and cross-fostering techniques, she was able to show that the
prenatal treatment was the important factor, though in some cases the
postnatal effects were obvious.

She was unable to account for the

behavioral deviations using neurochemical assays , though perhaps more
of these and/or more sensitive assays could have divulged differences.
The brain appeared normal by light microscopy, but by electron
microscopy she observed lesions.
A review of other studies in which subtle deviations were found in
the absence of gross deviations follows.
Butcher and colleagues (Butcher et al. , 1972, 1973) were able to
demonstrate a learning impairment in offspring of rats treated with one
of three compounds:

(1) acetylsalicylic acid, (2) hypervitaminosis-A,

or (3) hydroxyurea .

Using a "control" teratogen which affects primarily

the skeletal system (acetazolamide), they were able to show that sodium
salicylate and hypervitaminosis-A caused learning impairments without
locomotor effects, hydroxyur ea caus ed learning impairments with locomotor defects, and acetazolamide caused locomotor defects but no
learning impairments.

They suggested that agents which cause malfor-

mation of the fetal nervous system will produce behavioral impairments
in offspring when given in moderate amounts.
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A variety of studies have examined the role of several dietary
factors in the normal development of the brain.

Hurley (1972) has

recently reviewed the effects of mineral elements on fetal development.
Ferm (1974) has reviewed the effects of metal pollutants on
embryonic development.
Halas and Sandstead (1975) reported that both intrauterine zinc
deficiency and intrauterine starvation during the latter one-third of
pregnancy (of rats) have long-term effects on the behavior of the
offspring.

The effects of zinc deficiency alone appeared to be more

severe than those of starvation alone .

Two main effects were observed:

(1) retarded ability of the offspring to learn to avoid shock, and (2)
"adverse effects" on the ability of the male offspring to tolerate
stress as a young adult.

It also appeared that the zinc-deficiency led

to decreased physical activity.
The above examples are indicative of the variety of maternal
insults that may adversely affect the behavior of offspring .
included was not exhaustive.

The list

If many researchers are correct, any

agent which has teratogenic effects on the CNS is capable of producing
behavioral deviations.

Kalter (1968) reviewed the teratology of the

central nervous system and showed that there are numerous agents which
can adversely affect the development of the nervous system and can
therefore lead to behavioral abnormalities in the offspring.

(For

recent reviews of Behavioral Teratology, see Coyle, Wayner and Singer,
1976; Berry and Barlow, 1976; and Barlow and Sullivan, 1975).
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Locoweed
A large number and variety of teratogenic agents have been
determined for non-human mammals.

Various poisonous plants have been

shown to produce congenital malformations in several species, especially
of e conomic importance in livestock (for recent reviews see James, 1974;
Keeler, 1975).

The following coverage focuses on the toxic and

teratogenic properties of locoweed.
The term locoweed has (in the past) been applied rather generally
to the Astragalus and Oxytropis species of the Leguminosae family of
angiosperms.

However, locoweed is now restricted in usage to about

13 species which produce the symptoms characteristic of locoweed
poisoning.

These plants constitute one of the more serious sources of

domestic livestock loss (Kingsbury, 1964).
The name loco derives from the Spanish word for crazy, and is
applied because of the characteristic symptoms it produces in
livestock.

The effects of locoweed primarily on horses have been

dramatized in the "old Western" movies.

The horse poisoned by

locoweed is seen as crazy and unmanageable.

Cattle, sheep and goats

are a ls o susceptible to locoweed poisoning, though to a lesser exten t
than the horse (Kingsbury, 1964).
Locoweed must be grazed for some time before the symptoms become
apparent.

Symptoms develop from involvement of sensory and motor

innervations.

On microscopic analysis, cytoplasmic vacuolization of
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brain cells may be observed, e speciall y of the Perkunjie cells of the
cerebellum (James and Van Kampen, 1974).
The exact nature of the toxic principle in locoweed is unknown at
the present time, though James and colleagues have carried out the
isolation procedure to a point that there is some promise that the
toxin will soon be identified.
The toxic effects of locoweed have been known for quite a long
time .

However, a new dimension was added to locoweed toxicity when it

was reported in 1967 (James, et al., 1967) that locoweed is toxic to the
fetus.

One early report by Mathews (1932) indicated that locoweed could

cause abortions in livestock, but !n 1967 it was reported that locoweed
caused congenital anomalies as well as abortions in sheep and cattle .
The skeletal deformities of the lamb are probably not seen often in
range situations because the lambs die at a young age.

Many locoed

lambs are small and weak at birth and unable to nurse (James, et al., 1967;
James, 1971); hence there is a high mortality rate among lambs born to
ewes that have been poisoned on locoweed.
James, et al., (1967) stated that the principal congenital malformations in lambs and calves were lateral rotation of the forelimbs,
contracted tendons, anterior flexure and hypermobility of the hock
joints and flexure of the carpus, and indicated that many of the lambs
partially recovered.
James (1971, 1972) added to the list of congenital malformations by
adding hyperplasia of the thyroid.

He also stated that the neural

lesions present in adult locoed animals were not present in the neonate.
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Microscopically, one can also detect damage to the fetus by locoweed.

In 1973, Hartley and James reported neuroaxonal dystrophy and

vacuolation of the convoluted tubules, Bowman 's capsule, hepatocytes,
thyroid acinar epithelium, central nervous system neurones, and autonomic

neurones.

They stated that, though the lambs born to ewes fed locoweed

have none of the clinical manifestations of locoweed intoxication, there
are some indications that there can be permanent neurological injury to
the developing fetus when the dam consumes locoweed.
Hartley and James (1975) reaffirmed that the neurovisceral cytoplasmic vacuolation and neuroaxonal dystrophy rapidly disappeared from
the fetal tissues after the locoweed was removed from the diet of the
dams.

They suggested that perhaps those fetuses which are damaged to

the point of incomp l ete regression of lesions are aborted.

In adult animals, the lesions in sheep, ca ttle and horses poisoned
with locoweed may completely regress .
poisoning (James and Van Kampen, 1971).

Yet the animals retain signs of
Hartley and James (1975) have

proposed that such residual effects may be indica tive of a biochemical
lesion.

However, such long-term effects in the fetus have not been

studied .
Thus locoweed poses an interesting problem.
to cross the blood-brain barrier.

Its toxins are known

The teratogens cross both the

placen tal barrier and probably the fetal blood-brain barrier.

In

general, developing systems are much more sensitive to toxic action than
are already developed systems.

Many agents which produce only transient

effects in the adult organism may produce permanent alterations in
structure or behavior if they act during the embryonic period
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(Coulombre, 1967).

Consequently, the fetal neural lesions would be

expec ted to be much different from the adult lesions.

Yet, the fetal

microscopic lesions disappear as rapidly as the maternal lesions.
Residual lesions (in the fetus) have not been studied.

To complicate

the picture further, are the lesions i n aborted animals diff erent from
those of similarly treated (i.e. locoed) but not aborted fetuses?

That

is to say, perhaps if the lesions are irreversible, the fetus is aborted.
But if the lesions are reversible, the fetus is carried to term and the
lesions disappear.

Such hypotheses seem to be suggested by previous

research described above (Hartley and James, 1973, 1975).
In research to date, sheep have been the primary assay organism.
For obvious reasons, it would be advantageous to develop a laboratory
animal model for locoweed t era togenicity.

Of course, a direc t compar-

ison between the sheep and l ab animals would not be without problems.

A skeletal defec t may be less obvious in the lab animals than in sheep.
The digestive systems of the two Animals in question are very different.
Hence, the toxins may be metabolized in very different ways.
Another major difference would be the difference in relative
maturity at the time of birth .

Sheep are quite precocial, whereas most

laboratory animals are more altricial.

Such differences undoubtedly

have anatomical as well as physiological bases.

For example, the brain

growth spurt in sheep is probably prenatal (as it is in man) whereas in
rats it does not occur until 14 days postnatal (Dobbing, 1970).

Inter-

nunctual neuronal attachments occur prenatally in sheep, but are a
postnatal characteristic of rats.

Growth of axons and dendrites,
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synaptogenesis and gliogenesis are all postnatal events in rats (see
altman, 1970).

Thus, at the time of birth, the sheep brain has reached

a n exceptionally advanced stage of development, whereas the r a t brain
is quite primitive and little c ircuitry has been establ ished at the time
of birth.

Myelination of cerebral axons in rats is initiated on about

the lOth day postpartum, and probably peaks shortly after weaning (for
an excellent review article on the rat cerebral neocortex development
see Berry, 1974).
Since neurogenesis is quite well understood in rats, and since
rats are widely used for behavioral studies, they were selected as the
test animal in the present study.
The study of animal behavior has evolved in two main directions:
the ethological and the psychological approaches.
developed its own set of behavioral tests.

Each area ha s

The present study utilized

some tests from each area, though the main orientation was psychological.

The arbitrarily selected tests were designed to examine a wide

cross section of behaviors.

Tests were i ntended to measure general

activity, "emotionality," circadian patterns of activity, and learning
and retention.
Hypotheses
Based upon the preceding discussion, the following hypotheses
were set forth:
(1) Locoweed will have abortifacient and teratogenic effects in rats.
(2}

Locoweed may cause teratogenic effects in rat offspring as

evidenced by one or both of the following examinations:
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a.

behavioral tests

b.

microscopic analyses

That locoweed should have abortifacient and teratogenic effects in
ra ts should not be surprising.

It has already been established in

sheep, and if the appropriate dosage level can be found, it could have
sinilar effects in other species also.
The hypotheses concerning the subtle teratogenic effects of locoweed are more speculative.

As has been stated, microscopic lesions in

the nervous system of developing lambs have been documented.

However,

thE differences in prenatal and postnatal development between sheep and
rats are enormous.

In spite of this, if the teratogen is given for a

lor.g enough time during embryonic development, one would expect
an<lagous alterations in nervous system development.

However, adminis -

tr<tion of a teratogen for a longer period may pose a problem.

In

sone cases, short-term administration of a compound may be highly
te1atogenic whereas long-term administration may be virtually without
eflect (Kalter, 1968; King, Weaver, Narrod, 1965), probably due to the
in<uction of enzymes for the compounds' metabolism .
Whether or not these microscopic alterations can be detected using
belavioral tests is basically an experimental question.

On the one hand

on< would expect that these lesions would cause rather obvious
de,iations from normal.
de Jects .

Yet , compensatory mechanisms may mask the

Thus, one may expect microscopic changes , but behavioral

anilysis may or may not divulge differences between loco-treated and
cmtrol offspring.
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METHODOLOGY
In a pilot study, an appropriate dosage of plant was det ermined .
In the main study, various prenatal and postnatal measures were taken
to determine the effects of locoweed on the developing rat fetus.
Subjects
Virgin Sprague- Dawley derived albino rats, weighing 100-120 g
were pur chased from Simonson Laboratories, Inc . (Gilroy, California) .
They were acclimated to controlled temperature and 11-12-hour light
schedule for 2-3 weeks.

At the beginning of the experimental period

they weighed about 180-200 g .

Feed and water were available ad libitum

at all times throughout th e experiment.

Female rat s were placed three

to a pen with males (from same source ) weighing 300 g or over.
Vaginal smears were taken each morning, and sperm presence marked day 0
of gestation.

Number of subjects per treatment and test varies, and is

indicated on the tables and figures.
Apparatus and Procedure
Prenatal treatment of dams
On day 0, the pregnant female was placed alone in a 20 x 9 x 6.5
inch stainless steel pen.

Maternal weights were recorded on days 0, 7,

14, and 21 and following delivery .
weekly.

Feed and water intake were monitored

Rats were assigned randomly to one of 4 experimental groups:

non-fed control, water-intubated control, Astragalus lentiginosus or
A. wootoni (administered by gavage) .
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A. lentiginosus was collec ted in Southern Utah, and A. wootoni was
collected i n Central New Mexico, and both were brought to the Poisonous
Plant Laboratory (Logan, Utah), where they were air dried and ground in
a hammermill.

The plant was stored at 4 C until ready for us e .

time, it was finely ground in a Wil ey Mill.

At that

Since in the preliminary

study 1 g/rat/day caused a small number of resorptions but not
exc essive, it was the dosage selected for the main study.

One gram of

either plant was mixed in 5-6 ml tap water and administered by gavage .
Water-intubated controls received a comparable amount of vehicle alone.
Water or locoweed was administered in the morning of days 7-17 of
gestation.
Other than weekly cleaning of pens and ex perimental treatment, the
females were left alone until day 21.

On that day, the dam was weighed

and put in a clean pen and provided paper toweling for nest construction.
Paper towels were also placed ove r the top of the pen to darken the pen.
After delivery of her pups, the dam was weighed, as was her entire
live litter.

Number born alive and number dead were also recorded.

Each pup was examined for gross malformations, and litter size was
reduced to eight (or fewer if less than eight survived.

Initially the

selection was random, but later if not all pups had nursed, the ones that
had nursed were left with the dam.)
Postnatal evaluation
Each litter was weighed weekly, and pups were carefully observed for
any abnormal signs.
together as a litter.

On

postnatal day 21, the pups were weaned and left
On

day 30, one male and one female were randomly

selected from each litter for behavioral analyses .

A second similarly
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selected set was saved (housed together by sex) and examined in the same
way beginning at 80 days of age.

Ten water control and ten

A. lentiginosus dams were also subjected to the same behavioral tests.
Open-field.

The open-field has been widely used in both ethology

and psychology as a means of quantifying basic behavior (Hall, 1936;
Denenberg, 1969).

It is thought to measure an animal's reaction to

novel stimuli (i.e. exploratory behavior), and provides a general
measure of "emotionality."

The open-field consisted of a flat, white

board 42 x 42 inches, divided into 49 squares each 6 inches square.
Eighteen-inch walls enclosed three sides, the fourth being left open.
A trial consisted of placing a rat in the center square and following his path of travel for three minutes.

At the end of the trial,

the rat was returned to the pen with its littermates.

The number of

fecal boluses was recorded , and the field was swabbed out after each
trial.

The experimenter traced the path of travel of each rat on a

separate paper having a mock-up of the open-field upon it, so that
quantification could be made at a later time.

Each rat received three

trials in the open-field between the hours of 6:00 and 8:00 a.m . on days
30, 31 , and 32.
Activity wheel.

Following the open-field tes t on day 32, the rats

were placed individually in activity wheels for 24 hours.
available ad lib, but feed was not available .

Water was

Rats often drag feed

pellets into the experimental wheel, and the distraction of the pellets
rolling in the wheel was not desired.
The activity wheel had an automatic counter on it to quantify the
activity of the experimental animal .

The number on this counter was
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rec orded at approximat el y the s ame time each day :

6: 00 a.m. (b eg inning)

8 : 00a.m., 5 : 00p.m., 9:00 p .m., and 6:00 a .m. (ending).
valu e s were o btained:

Thus , four

"Warm-up, 11 day, eve ning, and night s c ores .

Th e

value s obtained were c alculat ed a s counts per hour.
Following removal of th e rat from the ac tivity wheel, it was placed
back in the pen with its littermates.
Shuttle box.

On

day 34, aft e r the rat had been in the pen with i ts

littermates f or approximately 24 hours, it was tested for avoidance conditioning i n a clear, plexi glas s, two-way shuttle box.

(The two-way

shuttle box is a two-compartmented box in which either ha l f can deliver
electric shock until the rat escapes.

The shock is paired with a

neutral stimulus such as a buzzer or light, which precedes the shock by
a few seconds .

After the rat has received several paired shocks, it

generally avoids the shock by moving to the "safe" compartment when
the light or buzzer is turned on.

Thus shock is the unconditioned

stimulus (UCS) and the light or bu zzer is the conditional stimulus (CS) .
The two compartments (each 8 1/2 x 8 1/2 x 7 1/2 inches) were separated
by a metal partition in which a 2 1/2 inch (diameter) opening was
centrally located .

Trial number of all avoidance responses for each rat

was recorded.)
The UCS was .5 mamp scrambled electric shock, deliver ed through the
floor grid; it lasted 60 seconds unless the rat escaped.

The CS was a

60 decibel buzzer which so unded continuously for the 5 seconds prior to
onset of the UCS.

Intertrial interval (time between response and sub-

sequent CS onset) varied between 30-60 seconds .
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The rat was placed into the shuttle box for five minut es
adaptation prior t o beginning avoidance condi tioning.

If the rat did

not go through the partition opening at l eas t once during th e adaptation
period, the expe rimenter gently lif t ed the rat t o the opening, and th e
rat c limb ed on thr ough.
Following the adapta tion period, the rat was subjec ted to avo idance
condi tioning.

In the firs t experiment (with A. wootoni), r ats continue d

conditioning until a crite rion of 5 successive avoidances wa s reached,

or until 100 trials were completed if criterion was not met; analyses
were made based upon th e fir st of the 5 c r i t erion avoidances.

In the

second experiment (with A. l entiginosus), percentages of avo i dances in
50 trial s were compared.

In both experimen t s the first avoidance of

eac h rat wa s recorded and comparisons mad e among groups on average

tr ial to first avoidance.
As a measure of memory or r e t e ntion, rats were retested for

avoidance conditioning after 7 days (experiment 1) and after 30 days
(experiment 2), using the same procedure a s in the initial conditioning .
Tissue analyses.

In addition to these functional tests, rat pups

were also analyzed for microscopic deviations from normal.

Tissues

from rat s killed on days 0, 20, 40, and 80 were fixed either in
formalin or Bouin's solution, sec tioned using standard techniques, and
examined for microscopic pathology.

Fourteen lo co and ten control pups

(day of birth) were stained with Alizarin Red S (Dawson, 1926) and
examined for skeletal defects.
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Statistical analyses
The data were analyzed using appropriate analysis of variance

(ANOVA), and significantly different means were compared using Tukey ' s
Honestly Significan t Difference Multiple Comparison Procedure.
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RESULTS
Locoweed gavage reduced maternal weight gain during gestation.

In

addition , feed consumption was drastically curtailed , and water intake
was

dec~eased

(Table 1).

Locoweed proved to be embryotoxic in rats.
tions was dose-dependent.

The number of resorp-

When gavaged 2 g/rat/day, approximately

one-half of the fetuses were resorbed.

Since 1 g/rat/day caused only

1 or 2 resorptions/litter, it was the dosage selected for the main part
of the study .
Locoweed was found to reduce pup weight, number born alive, and
number alive at weaning.

No gross terata were observed.

testing of the 30-day-o ld offspring divulged that the loco
had different activity patterns from

cont~ols,

Behavioral
offsp~ing

but t he learning task

revealed no significant differences from controls.

Testing of the SO-

day-old offspring showed no significant differences from controls.

Also

testing of the dams showed no significant differences between groups .
Table 2 summar izes the pup information through weaning.
A. lent iginosus had significant effects on the pups.

Not only were

fewer born alive, and fewer survived until weaning, but also the pups
were smaller at birth and remained smaller through the four weeks when
weights could be statistically compared.

The birth weight was reduced

by 13% from controls , and weights were reduced as much as 29% during
the four weeks of evaluation.

Observations on a limited number of off-

spring indicated that pups born to dams fed locoweed remained smaller
than controls through one year of age when they surpassed control weights.
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Table 1.

Summary of maternal gestationa l data

Week

Non- fed
(n=l2)

A. woo t oni
(n-15)

Water-fed
(n=ZO)

A. lentiginosus
(n=35 )

Maternal
W!';ights
(x in grams)
SEM=9.9

0
1
2
3
pp

214.6
243.2
278.8
352.0
277.2

218.2
248.1
278 .7
353.6
271.4

202 .5
236.3
237.1
300.6
240.1

195.6
222.1
225 .1
298.3
220.4

Feed intake
in grams/
rat/day)
SEM•l.1

(x

1
2
3

19.3
23.1
25.5

21.3
23.3
23.8

22.1
14.2
20 . 3

20.9
14.7
21.7

Water intake
in m1s/
rat/day)
SEM•3.5

1

31.5
39 . 0
47.8

37.9
38.1
46.2

36 .7
32.0
48.7

40.4
36.2
63.2

(x

2
3

SEM•Standard e rror of mean

-----Maternal
weights

Feed
intake

Water
int ake

- - - - - -

pp""Post-partum

-------

-

Analysis of Variance
df

MS

Error A
Period
Trt x period
Error B

3
78
4
12
304

4
4.37xl0
3
l. 7lxl0
5
1.26xl0
3
2.06xl0
2
l.l7xl0

Trt
Error A
Period
Trt x period
Error B

3
78
2
6
155

2
2.64xl0
1
1.99xl0
2
2.8lxl0
2
1.60xl0
0
5.33xl0

Trt
Error A
Period
Trt x period
Error B

3
78
2
6
155

2
9.25xi0
2
2.12xl0
3
5.22xl0
2
5 .67xl0
1
2.39xl0

Treatmen t (trt)

F
25 . 62
709 . 2
11.62

------.!!.
.0000
.0000 -9
8. 62x10

13.27

4.37xl0

52.77
30 . 05

. 0000
.0000

4.35

6.98xl0

218 . 20
23 .70

.0000
.0000

-7

-3
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Table 2.

Summary of early offspring data

Litter numbers
(;; per litter)

Non-fed

Water-fed

Total born

10.4

12.2

Born dead

0

Born alive

. OS

A. woo toni

A. lentiginosus

9.4

9.3

1.1

1. 9*
7.3*

10.4

12.2

8.2

Alive at 1 week

8.9

8.7

s. 3*

2.1*

Alive at weaning

8.4

6.8

4.4

1.0*

P!!P weights
(x in grams)
At birth
Week 1

6.3

6.4

5.9

S.S*

15.6

14.9

14.4

10.8*

Week 2

31.1

30.6

30.7

21. 9*

Week 3

46 . 3

44 . 8

45.9

76.0

75.7

68.5

35 . 8*
54.0*

Week 4

------Litter numbers

Swmnary of Statistical Analyses
df

SEM

!

3, 77

.18

7.06

Born dead

3,77

.24

9.46

.0000

Born alive

3, 77

.20

16 . 30

.oooo

AlivE at 1 week

3, 77

.26

38.3

. 0000

Alive at weaning

3, 77

.27

46.8

.0000

Total born

~

.0003

Pup •e i ghts
At blrth

3, 77

.043

11.3

.0000

Week l

3,58

.27

11.3

. 0000

Week 2

3,51

.55

9.04

.0001

Week 3

3,50

. 96

4 . 93

.0045

Week 4

3,47

1.66

6.60

. 0008

df~d~rees

of freedom
SEN-standard error of mean
*Significantly differ ent from control
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Table 3 shows that the offspring born to dams fed locoweed differed
from controls in open-field activity.

The number of squares traversed

per minute was significantly different, especially obvious in the overall totals.

Control values averaged about 14 squares per minute, but

loco values averaged 8 and 10 squares per minute.

There was a concom-

itant increase in number of fecal boluses (with decrease in activity) i n
loco off spring.
Significant differences between control and loco offspring were
also observed in the activity wheel tests (Table 4).

Figure 2

illustrates that the A. lentiginosus pups were generally more active
than controls, whereas A. wootoni pups were less active.

Examination of

the slopes of the lines indicates that the A. lentiginosus offspring
also had an abnormal pattern of activity.

In both control groups and

the A. wootoni offspring, the slope of the line indicating "night"
totals was steeper than that for the "evening" total.

However, the

A. lentiginosus offspring slope was higher in the "evening" total than
it was in the "night" total.

This slope difference shows that the

A. lentiginosus offspring displayed an abnormal pattern of activity.
In the first shuttle box experiment, there were no significant
differences among the groups, except that in the A. wootoni group
(n=lO), four pups failed to reach criterion in 100 trials.

In control

groups (n=20), only one failed to reach criterion in 100 trials.
In the second shuttle box experiment, only water-controls and
A. lentiginosus offspring were compared .

Table 5 summarizes the data

from both trials from the second shuttle box experiment.

In trial 1,

the control offspring made slightly more avoidance responses than the
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Table 3.

Offsprin g open- field data

Activity
(in squares
entered pe r
minute)
SEM=5.0
Boluses
(;./rat/day)
SEM=.644

Non-fed
(n=lO)

Water-fed
(n=25)

A. wootoni
(n-10)

Day 1

22.7

19 . 5

15.4

12 . 5

Day 2

10.1

8.3

8.4

10.4

Day 3

10 . 7

14.3

l

6.5

Total

14 . 5

14 . 0

8.2

9.8

Day 1

2. 3

1.8

3.6

2.8

Day

3.2

2.4

2.3

3.8

Day 3

2.2

2.5

2.7

3.8

Total

2 . 57

2.24

2.87

3.50

A. lentiginosus
(n=l4)

------ Analysis of Variance
MS

df

Activity

Treatment (trt)

Error A

29

Day

2

Day x trt.

6

Minute (min)

2

Min. x trt.

6

Min. x day
Minx day x trt.
Error B

Boluses

3

Trt
Error A

4
12
466

Error B

3

2
3.21xl0
3
4.08xl0
2
2.15xl0
3
6.49xl0
2
2.48xl0
2
1.29xl0
2
1. 09xl0
1
9.99xl0

3

14.8

29

5.3

Day
Trt x day

l.l3xl0

E:_

5!:.

3.52

.0274

40.79

0

2.15

.0470

64.92

0

2.48

.0225

1.29

.273

1.09

.363

2. 77

.0595

1.2

.41

6

4.3

1.49

136

2.9

.186
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Table 4.

Activity wheel data for 30-day rat pups

Non-fed

Water-fed

A. woo toni

A. lentiginosus

Average

Warm-up

48.94

79.67

69.95

110.0

77.15

Day

34.64

50.87

18.55

101.6

51.42

64.99

294.0

Evening

86.25

179.6

156.2

Night

513.2

433.1

326.8

396.6

417.4

Average

170.8

185.8

120.1

225.6

182.3

Analysis of Variance
df
Treatment (trt)
Error A
Period
Trt x period
Error B

8.llxl0

29

1. 33x10

3

1. 42xl0

9
180

A. lentiginosus offspring.

F

MS

3

4.27xl0
9.89xl0

4

61.0

.!!.

.0000

3
7

14322.0

It

4.31

.0000
4.3xl0

-5

3

However, in trial 2, the A. lentiginosus pups

made more avoidances than did the controls.

Thus, the only difference

which approached significance was the percentage difference from trial 1
to trial 2.
No skeletal defects were observed in the rat pups stained with
Alizarin Red S.
Microscopic analysis of the maternal tissues revealed the typical
locoweed microscopic lesions found in rats and sheep.

The most obvious

lesions were in the kidney, where there were large degenerative vacuoles
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in the epithelium of the proximal convoluted tubles.

There was

degenerate proteinaceous debris in some of the vacuoles.
Liver changes were less obvious, though there was evidence of
vacuolation of hepatocytes.
Neural lesions were absent except for one case of congealed
laminar perivascular edema in a dam treated with locoweed.
In the tissues from the offspring, only those from pups on day 0
had degenerative changes.

In the newborn pups, there were mild

changes of the kidney and liver.
mild vacuolation.

The proximal tubular epithelium had

There was some hepatocytic vacuolation, and also

evidence of marked active hepatoesis in the liver.

No neural lesions

were observed in the offspring.

Table 5.

Shuttle box data from 30-day offspring

Water-cont rol
Trial 1

0
1st S

A. lentiginosus

11.2 (3. 3)

12.9 (3 .5)

33 . 7 (3. 6)

25.3 (4. 3)

11.8 (2. 0)

12.8 (3.7)

25.5 (3.9)

30.7 (4.3)

Difference
Percent
between
avoidance responses
-4.9 (3.6)
Trial 1 and
Statistical Analysis: df=l,27
F=4 . 9
a= .035

+5.0 (2.6)

Percent

avoidance r espon ses

Trial 2

1st

s0

Percent
avoidance responses

Values presented are ~ (Standard Error of Mean)
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DISCUSSION
Results from the experiment reported here indicate that prenatal
treatment of rats with locoweed does indeed affect the behavior of the
offspring .
The effect of locoweed on the dam fits closely with observations
of livestock poisoned on locoweed.

The hair coat became rough, and the

animal became emaciated in nearly every case .

Since feed and water con-

sumption were both r educed, it is possible that some of the effects were
due to malnutrition.

However, the control rats consumed generally

more than 20 g/rat/day, and 1 g of plant is an insignificant part of
the diet .

Thus it is probable that the effects were caused directly

by the locoweed.

Whether or not the plant had some sort of CNS

appetite-depressive effect is unknown.
Locoweed is known to have abortive effects on livestock.

Thus it

was no surprise that it caused resorptions in rats.
The microscopic lesions in rats were more mild than those in sheep
fed for 30 days , but were similar to the locoweed lesions in sheep
(Van Kampen and James , 1969, 1970) .

Locoweed-induced lesions in rats

have recently been described (James and Van Kampen, 1976).

Probably

the shorter feeding time (11 days) accounted for the more mild lesions
in the dams.

The lesions in the newborn offspring are comparable to

those described in fetal and neonatal sheep (James, 1971, 1972).
The weight reductions at birth could have been accounted for by the
r educed maternal weight gain during gestation .

However, the maternal

gains in the A. wootoni and A. lentiginosus groups were fairly close.
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Yet the pup weigh ts of the A. lentiginosus group were significantly
reduced, whereas the A. wootoni weights were not .

Also, the number of

pups surviving was much more greatly reduced by A. lentiginosus compared
with A. wootoni.

The A. l entiginosus fed had more severe effects on the

offspring than the A. wootoni fed.

The effec ts from the two plants

appeared to be different.
Possi bly the teratogens in the two species are different.

Since

the toxins and teratogens from locoweed have not been isolated or
characterized, a direct comparison of the structural components of the
teratogens is impossible.

However, it appears f rom the present

research that the two teratogens ma y be different.

A slight structural

difference may make certain regions of the brain more susceptible to one
teratog en than to another.
It is also possible that the same teratogen is present in both
species of locoweed, but is biologically active in different amounts.
This could be due t o an actual concentration difference between species ,
or it could be that some agent present in one species could partially
bind a port i on of the teratogen from that species.

If different

concentrations were available for t eratogenic action, different effects
could be observed.

Perhaps the lower level of teratogen would induce

enzymes and be metabolized at a relatively higher rate than a higherlevel teratogen.

Thus very little of the teratogen from one species

may be available to exert adverse effects, but a much higher level may
be exerting the teratogenic effect from the other species.
Of course there could be other reasons that the two species of
locoweed could exert different effects.

For whatever reason, it appears
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from th is study that the two species of lo coweed do have diffe r ent
teratogenic effec t s .
Results f r om the behav ioral anal yses a lso suggest that
A. lentiginosus and A. wootoni had different e ffects in rat offspring.
ln the open-field, both groups were l ess active than controls, but the
A. wootoni pups were l ess ac tive than th e A. lentiginosus pups.

Also,

the number of fecal boluses in A. wootoni pups was not significantly
different from control.
A. lentiginosus group .

However, fecal boluses were increased in the
This combina tion of decreased activity wit h

increased boluses hints at a higher emotionality in the loco offspring,
especially in the A. lentiginosus offspring.
Different effects were also seen in the activity wheel where
A. wootoni pups were les s active than controls, but pattern of ac tivity
fit with controls ,

However, t he A. lentiginosus pups were more active

than controls, and had an abnormal pattern of activity.
The avoidance conditioning JdLu indicate

th ~t

clear-cut learning deficit in the loco offspring.

there was not a
The retention

portion of the study revealed an interesting difference between trials,
with a 30-day intertrial interval, though the differences may not have
been significant .

It appears that the locoed animals had better

retention, or there were other factors operating which helped their
performance in the shuttle box.

Since a control set of animals was

not saved and tested at 65 days of age (with no prior training),
speculations are somewhat limited.
shuttle box performance.

However, several factors could alter
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McLaughlin, Eller and Koral (1975) reported that young rats in
their study (21 days old) learned the avoidance response as rapidly as
adult rats, but the young r a t s' retention was not bet t er than the
original train ing l or 30 days later.

Campbell and colleagues (reviewed

by Campbell and Sp ear, 1972) reported no retention after 21 days in
yo ung rat s.

Similar observations have been reported in mice (Freund

and Walker, 1971).

Investigators have general l y felt that this lack of

retention in young animals, but inc reasing retention with age t o adulthood, was due to a "n eurologica l maturation process."

Seve ral i nvestigators have noted sex differences in ac tivity and
shuttle box performance .

Beatty and Beatty (1970) and Gray and Lalljee

(1974) have investigated this phenomenon.

It was observed tha t in

general, f emales ambulate mor e but defac a t e less in the open-field, and
perform better on two-way active avoidance in the shuttle box.

Beatty

and Beatty (1970) inves t i gat ed several factors t o de t ermine reasons for
the sex diffe rences .

They found little difference in electrical resis-

tence or reactivity to shock.

However, when the young females were

injected with testost e rone, there was a masculinization of performance .
Since James and Foote (1972) have reported that A. lentiginosus has
estrogenic properties, it is possible that the prenatal treatment with
locoweed had some effect on the hormonal balance in the offspring .

The

data in this study were not analyzed for d ifferences between sexes.
However, since equal numbers of males and females were tested from each
group, the sex differences should have cancelled each other out .

Thus

the sex differences were probably not a factor in the present study .
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In addition to the compounding fa c tors mentioned above, there is an
i mportant area of effects of i n fantile stimulation on later behavior.
Denenberg and coworkers have done research in this area, and have
r eviewed th e subject (Denenberg, 1967 ; see also Rosenzweig and Bennett,
1972) .

Since the litters f rom dams fed lo coweed had fewer live pups, it

is possible that the amount of stimul a t ion they received through int e ract ion with their mo the r was ve r y differ e nt from that r eceived in the
larger-litter con trol groups.
Another compl i cating facto r i n the present study was the fac t that
there was no pos tnatal fos t ering or cross -fostering of the offspring.
Though this procedure was planned, the high mortality rate in th e loco
offspring precluded such pro ced ures.

In pre liminary work with

fostering and c ross -fostering, mort ali t y rat e was higher than in litters
l ef t with th e ir own mother.

Hence, the postnatal man ipula tion s were

not completed.
This procedural limitation places r es tric tions on the data generated by this experiment.

Though reliable behavioral differences were

found, it is impossible to state with absolute assuran ce that the differen ces were of prenatal origin.

It is possible that they we re of

postnatal origin, or that there was at least some contribution of postnatal factors (for critical review of this area see Joffe, 1969).
In order to compare the present results in rats with previous
fi nd ings in sheep, further research is also needed as to the most
critical periods of development in rats.

Dobbing (1970, 1974) has

discussed the r e lative time period s , and i t appears that sheep and rats
have very different brain growth spurts.

In sheep, it occurs
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prenatally, but in rats it peaks about 14 days postnatal.

Therefore

further research is needed to evaluate the importance of this vulnerable period hypothesis.
The above examples are indicative of the type of problems and
questions associated with the present study.

In spite of these, the

evidence from the study presented here indicates that A. lentiginosus
and A. wootoni both have subtle teratogenic effects in rats, though
the effects may be different between the two species .
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